Abstract-The key to success in the development of a new product is to determine the relationships between components of the product. Therefore, an effective method which clarifies the relationship between components is an important factor for the success in product developments. To resolve this issue, the method of interpretive structural model (ISM), , The component framework with the best weight can been obtained, and can be applied to determine the relationships between product components during the process of new product development. By utilizing an effective and systematic grouping method, and by the integration with the standpoint of the development and manufacturing of new products, there are four product series established from the results of the case study. And the capability of manufacturing and assembling common components and individual components between product series of both sides can be established. New manufacturing and assembling capabilities can be expected to be developed and the cost can thus be reduced. The target of providing product multiplicity, reducing component counts for the purpose of the development and management of mass-produced products can be achieved, and the product development time can be effectively reduced.
I. INTRODUCTION
The purpose of this study is to enhance the production and manufacturing efficiency. By proposing the concept of concurrent engineering, this study aims at assisting designers in considering the manufacturing problem during design stages, and reducing the occurrence of potential manufacturing problems to the best of their abilities.
The processes of the development, manufacturing and assembly of new products are the critical elements of a synchronous production manufacturing. It is important to develop an engineering method, which satisfies various customer demands on a highly competitive market, for the product manufacturing and assembly processes. Hsiao et al.
(2013) [1] proposed an approach of product segmentation, which can reduce costs and enhance product diversity, in the product development process to satisfy the modularization of various customer demands. [2] The technique of ISM have been applied to the hierarchical structures of visualized products, with which the ingredients interact with each other.
The priority and related structural charts employed by such a kind of design method take aim at different market demands with the goal to develop solution packages during the process of product development [3] . Therefore, enhancing assembling efficiency is vital to the enhancement of product competitiveness. In most cases, the most critical element during the design process of product development is cost, while the influence of the manufacturing process on the total cost is rather smaller. Any changes in the product structure, appearance, or other related designs will lead to additional increase in the production cost. The concept of concurrent engineering can be integrated into design stages to solve this problem to the core. The additional costs due to unnecessary design changes can be prominently reduced, and consequently the manufacturing efficiency can be increased.
II. OUTLINE OF THE DEVELOPMENT PROCESS FOR THE RESEARCH MODEL
In this study, products have been decomposed to determine the modular relationship between them and the relation matrix of modularization between markets can be acquired. This relation matrix was further utilized for determining the optimal product module and the flowchart of this research process is Firstly, the modularization analysis of components can be conducted by ISM, and the methods of DEI and RAC.
The implementation procedure is as follows:
(1) Construct the relation matrix.
(2) Generate the reachability matrix. 
III. THE MODULE CONCEPT
The a in this study for the analysis of each task. The methods that are going to be used in this study are explained respectively as follows.
A. Basic concepts and development processes of ISM
Based on the relativity between elements in a system, matrix operations have been used for the assessment of customer demands. The resulting hierarchical relationships in the figures obtained can be used to constitute strategies and solutions to the problems [4] . ISM, which was first introduced by Warfield, can be used to calculate and decompose problems [1] . It has already been used in various research domains, and can reduce the interacting logics and orientations in a complicated system to its maximum extent [2] . Hsiao and Liu [3] utilized the improved ISM to establish a stratified and interlacing component structure, which can help designers confirm the commonality, diversity, and design emphasis of components [5] . Therefore, this approach assists designers in developing a product series [8] . The procedure of ISM is described as follows.
Step Step 2: Generate a reachability matrix Step 3: Generate a pairwise output matrix According to the result of the reachability matrix, select elements with aij=aji=1; that is, the elements that affect each other (aij=1and aji=1). A technique for cluster retrieval is inserted in the ISM process to identify components that influence one another and form a loop. Fig. 1(e) ), and the clustered components are integrated and treated as a single entity.
Step 5: Illustrate the element hierarchical relationships
The hierarchy graph then is obtained by identifying a set of components in matrix R that cannot reach or be reached by other components outside the set itself, removing the set from the original matrix [R] , and then repeating this process for remaining matrix until a unique set of nodes that no other nodes can reach is obtained. For example, in Fig. 1(e) , c 1 is first identified as an ''exit'', that is, the lowest level of the hierarchy, since it cannot reach to other components; meanwhile, {c 2 , c 6 } and c 4 were separated as ''entrances'', because they cannot be reached by other nodes. In this example, three levels of nodes were obtained (illustrated in Fig. 1(f)) . The oriented links then connected the nodes from source to sink one (for example, from c 4 to c 5 ) based on the incidence matrix.
Notably, the rounded rectangles in Fig. 1(f For designers, ISM has the capability of clarifying the interactions between element attributes. It is no longer required to just depend on own experiences or instinctual manners to process the data, rather it is required to find the critical attributes among complex and multiple relations and try to develop upon them, and transform originally individual data into valuable information and finally strategic methods for design and planning are utilized [7] . Because of this, ISM
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has been introduced into this study to assist designers in transforming demands into real product characteristics [6] .
FIG.1.
Step-by-step process of ISM.
FIG. 2. Reachability matrix determinant.

FIG. 3. D+R_D-R Element Distribution Graph.
B. Correlation matrices between parts
The assembly sequence is a critical factor for the production of products. The determination of assembly sequence is typically based on subjective experiences of assembly design. The construction of network figures after assembly can be used for the investigation of correlations between parts. For the engineering characteristics between product replacements and parts, the time required during the process of assembling parts can be considered as one of the major indicators.
C. Disassembly Effort Index (DEI)
Das et al. [1, 11, 12] pairwise RAC relationships between parts are scored.
The main purposes for using the above three pieces of engineering information to evaluate assembly relationships are as follows:
(1) Contact method: Contact methods can be roughly divided into four categories: moveable and can be disassembled, fixed and can be disassembled, movable and cannot be disassembled, and fixed and cannot be disassembled.
(2) Tool: Tools help to complete an assembly action, so it is very important to choose the right one. Parts must be assembled under certain circumstances; likewise, there is a specific standard for using tools. Each kind of assembly and disassembly has its suitable tool(s).
(3) Assembly direction: It is inevitable to consider assembly directions when parts are assembled or disassembled.
Directions can be multi-dimensional. Parts can be assembled at different angles and in different directions.
Therefore, considering directions is one of the essential elements in the planning of product assembly and disassembly. Moreover, an improved minimal spanning tree is employed to seek network relationships.
a. All assembly relationships can be reversed in direction; for example, {C1→C2} or {C2→C1}. The main calculation process is divided into two steps:
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Step 1: Calculate the RAC distance values in the modules.
Step 2: Calculate the RAC distance values outside the modules.
IV. APPLICATION OF CASE STUDY AND CASE VERIFICATION
To verify the feasibility of this study, a series of studies has been proposed and the operating process is explained in details as follows.
The design of a radiant electric heater has been selected as the case study. Samples of radiant electric heater which are available at the moment have been collected to cross-check the conventional parts, i.e., the essential accessories of an electric
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heater. The three-dimensional model and the exploded view of parts are as shown in Fig. 5 . 
A. ISM calculations
The relations between parts of a radiant electric heater can be established as a relation matrix by means of ISM. The 52*52 matrix can be further processed by the ISM technique, which has been described, the D+R_D-R values of the element distribution can also be obtained as shown in Table 1   TABLE 1 Cluster 3: M3={C1, C4, C19, C20, C21, C24, C25, C26,  C27, C28, C30, C31, C32, C33, C34, C35, C36, C45, C46,  C47, C48, C50}. Cluster 4: M4={C22, C29, C23, C37, C39, C40, C42,C43,C44,C51,C38,C41}.
C. Calculation of RAC weights
RAC and distances. The resulting values of RAC and distances of modules of an electric heater are shown in Fig.6 . An RAC value which is closer to "0" indicates a stronger interaction, otherwise a larger value indicates an interaction which is more relaxed. 
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D. Acquisition of element weights
This result can serve as a reference for the development of a plurality of product series during the modularized design process. Based on the market segments proposed in this study, it is recommended to design four product lines, which correspond respectively to the demands of different segmented markets and supply manufacturing benefits related to costs and modularized products. Three types of conditions have been studied, and the results forms Fig. 7 satisfying the two requirements of modularization and market segmentation. 
V. CONCLUSIONS AND SUGGESTIONS
A modularized and systematic structure has been established in this study by a case study on the product design of electric heaters. An applicable method of modularization and clusterization by ISM has been determined, the module presentation with the optimal weights can be obtained. Four product series have been established according to the results of the case study, and the assembly performance of the common and individual components between product series can be determined. The proposed method can be applied to the beginning stage of new product development, and more particularly to the design process of different product series. Except for developing suitable product lines, it can also be applied to the establishment of product modules for every segmented market.
